INTRODUCTION
Ore deposits occur at the location of large energy and mass flux systems, often associated with intrusive activity. During ore genesis, large volumes of rock can be fractured, hydrothermally altered, and mineralised. As hydrothermally altered minerals and ore-hosting rocks are associated with anomalous electrical properties, changes in conductivity will exist between unaltered host rock and mineralised systems. Additionally, the geological structure and setting of deposits is often complex, and regularly requires three-dimensional (3D) models for interpretation.
In the last decade, the magnetotelluric (MT) method has attracted much interest stemming from its enormous depth range, sensitivity to conductors, and vast improvements in instrumentation and processing (Varentsov et al. 2013) . Although MT cannot specifically image ore at depth, a paradigm is that 3D MT surveys may resolve structural hosts of mineral deposits and alteration zones under cover.
With recent advances in computation, modelling, and inversion, 3D surveys are becoming increasingly common. A number of 3D inversion codes are available (Mackie et al. 1994 , Newman and Alumbaugh, 2000 , Sasaki, 2004 , Siripunvaraporn et al. 2005a , and many model studies have been published (e.g. Siripunvaraporn et al. 2005b , Han et al. 2009 ). However, only a few practical examples for mineral exploration have been presented (Farquharson and Craven, 2009) , and very few synthetic model studies have been published (Tuncer et al. 2006) . Subsequently, there has been little critical analysis of what can, or cannot be recovered from 2D and 3D inversion of MT data beneath cover.
In this study, two 3D numerical models have been developed for an idealised target anomaly, with and without conductive regolith. The RLM2DI (Rodi and Mackie, 2001 ) and WSINV3DMT (Siripunvaraporn et al. 2005a) algorithms have been applied to each data set to determine detectability of the target anomaly and recover its simple geometry.
MODEL DESIGN
Each synthetic model was based on a simple design, comprised of a 3D conductive alteration target anomaly within a resistive basement. Model A incorporates a conductive 1 Ωm 2 km x 2 km x 2 km target anomaly at a depth of 550 m within a 1000 Ωm basement. While Model B demonstrates the same model geometries, its top 250 m was designated a 10 Ωm resistivity value to replicate thick and conductive cover/regolith sequences ( Figure 1a ).
Forward responses were calculated in 3D for 24 periods between 10 -4 and 10 2 s utilising the finite-difference code of Mackie et al. (1994) . Calculations were made for 141 model sites positioned in a square grid above the target. The grid covered an area of 5 km x 5 km, with a site spacing of 500 m (Figure 1b) . Two profiles of 250 m site spacing were also created across the top of the target anomaly for densely sampled 2D and 3D profile inversions.
The modelling domain was a rectilinear grid discretised by Nx • Ny • Nz = 54 • 54 • 28 = 81648 cells. Here, x, y, and z point east, north and down. The model domain extends laterally 50 km, and down 5 km. Before forward calculation, an additional 1D layered earth model was added to the bottom of each model. For both numerical scenarios, the responses at all sites were returned by the MT forward calculation, and exported as EDI files.
SUMMARY
As a consequence of diminishing shallow mineral resources, the exploration industry has turned its focus to deeper targets. For this reason, the magnetotelluric (MT) method has gained much attention due to its unique penetration in regions of thick cover sequences. As the setting and geometries of mineral deposits are often complex, 3D models are required for their interpretation.
However, there has been little critical analysis of the ability of 3D MT surveys to recover structural geometry. A comparison of synthetic model responses demonstrate that while MT is greatly sensitive to conductive and symmetrical bodies at depth, its resolution for detecting finite 3D bodies is significantly reduced under conductive regolith cover. Although 2D inversions can recover the geometry of finite conductive bodies, it is possible to successfully interpret 2D survey data using 3D inversion algorithms. Utilising all components of the impedance tensor, off-profile 3D conductive structure can be obtained from 2D survey data alone. 
2D MT INVERSION OF A 3D BODY
The potential dangers of inverting 3D structure with 2D inversion algorithms are well known (eg. Siripunvaraporn et al. 2005b) . In 2D inversions, only off-diagonal components of the impedance tensor are considered (which typically means that half the impedance tensor information is not included). Despite this, successful interpretations of 3D structures with well orientated and constrained 2D inversions are possible. 2D inversions were completed for a densely sampled profile (Figure 1b) to further investigate the sensitivity of each data set to the target anomaly. Inversions were completed utilising the RLM2DI code of Rodi and Mackie (2001) implemented by WinGlink's 2D inversion module. Changes to the settings and parameters of this code can cause significant variations in model outputs (Tietze and Ritter 2013) . For this reason, inversions were completed to determine the optimal parameters for each data set, and also to test the robustness of model results.
2D inversions for each model scenario are shown in Figure 2 . Model A and B data sets were inverted for TE and TM modes with 21 periods between 10-3 and 102 seconds. Typical error values for good MT data range from 2 % to 8 %. Subsequently, apparent resistivity and phase errors were equally weighted, and set to 5% and 2.5% respectively. A smoothing operator, τ, controls the trade-off between fitting the data and producing smoother models. A τ of 3 was determined to provide best model results. The inversion domain was designated a starting resistivity of 10 Ωm, and consisted of 72 rows and 123 columns. Cell sizes increased exponentially from the survey area and extended laterally 200 km, and down 150 km. Each inversion was run to convergence, returning a root mean square (RMS) misfit of 2.14 for Model A, and 0.17 for Model B. Although its vertical extent was poorly resolved, the depth to the anomaly and its sides were imaged successfully.
Conversely, the inversion of Model B in Figure 2b demonstrates little evidence of a subsurface conductor. The 10 Ωm cover layer is well imaged, and a sharp boundary between this unit and the basement is observed across the model. At its centre, there is a small downward flexure within the cover layer, which is consistent with the location of the buried conductor. However, without prior knowledge, this flexure would almost certainly be associated with a change in cover thickness.
2D MT INVERSION FOR AN EXTENDED BODY
As a result of overlying conductive structure, the 3D anomaly of Model B was not resolved. However, it is possible that exploration targets have large inductive and geological scale lengths, and can be interpreted as 2D conductivity structures at the resolution of deposit scale surveys (e.g. Tuncer et al. 2006) . For this reason, 3D forward calculations were repeated for a third model design with 250 m of regolith. In this scenario, the target anomaly extends horizontally throughout the entire model domain (effectively 2D). The same methods and settings were used for inverting this data as previously described, but with considerably improved results (Figure 3a) . Further improvements to the model's resolution were observed after the addition of a tear at the regolith/basement contact (250 m depth). Tears in the inversion domain indicate that across a given boundary, there is an abrupt and sharp change in conductivity. Subsequently, the tear produced a distinctive separation between the regolith/basement contact and target structure. Despite a conductive regolith layer, the 2D anomaly is significantly better resolved when compared to the 3D equivalent. Although TM responses from each scenario are similar, there is a significant change in the TE responses from the extended anomalous body. This allows 2D inversion to resolve its geometry. For Model B inversions (3D target), a reduction in RMS was observed after incorporating a tear. The regolith/basement contact was resolved, and the sensitivity of the inversion to the target improved. A region of low resistivity (~ 100 Ωm) was recovered at the approximate location of the target anomaly (Figure 3b ).
3D MT INVERSION
The 3D inversion algorithm, WSINV3DMT (Siripunvaraporn et al. 2005a ) was applied to each data set. Due to computational limitations and requirements of this code, only 59 of the 141 model stations, and 16 of the 24 periods could be inverted. Additionally, inversions utilised all complex impedance terms (8 responses, real and imaginary). The model domain was a rectilinear grid with 60 • 60 • 30 = 108000 cells in x, y and z directions. At the centre of the grid, corresponding to the centre of model stations, a uniform discretization is observed, with a cell width of ~ 200 m in x and y directions. Cell sizes increased exponentially from this location, extending laterally 80 km and down 100 km.
In Figures 4a and b, a 3D inversion of Model A resolves a 1 Ωm to 10 Ωm conductive body below the centre of the survey area. Both the depth to the anomaly (550 m) and its width in both x and y directions (2 x 2 km) agree with the true synthetic model. However, only half of the anomalies depth extent (2 km) is resolved.
Model B in Figure 4d was inverted utilising the same station grid and errors, but for longer periods. Due to the high conductance of the regolith layer, the period-dependent penetration depth is reduced. In an effort to add further constraints to this inversion, the regolith and basement structures were used as a starting model with values of 10 Ωm and 1000 Ωm respectively. An initial inversion was run with a τ of 10, and smoothing of 0.2 in x, y and z directions. However, little deviation from the starting model occurred, and an RMS of 3.38 was returned after 3 iterations.
As a feature of the WSINV3DMT algorithm, a 3D smoothing and scaling operator is applied to the distance of the current model, m, from the initial model, m0 (Siripunvaraporn et al. 2005a) . Thus, the WSINV3DMT algorithm penalises smoothed deviations from m0, which is effectively an a priori constraint. In order to relax the limitation of the prior model, the inversion was re-started from the best fit model file of the previous run (iteration 3). For this inversion, a τ of 5 with smoothing of 0.1 in the x, y and z directions was utilised. After 3 iterations, an RMS of 2.09 was returned. Apart from a decreased RMS, the second run demonstrated only slightly lower resistivity values below and surrounding the survey area. Despite the improvement in model fit, the subsurface conductor was not resolved. 
3D INVERSION OF A 2D PROFILE LINE
Due to the cost and access associated with 3D surveys, most MT data are still acquired along 2D profiles. When completing 2D inversions, it is essential to first determine the geoelectric strike direction. If necessary, impedance information is mathematically rotated to this orientation so that the off diagonal components (TE and TM apparent resistivity and phase) can be fitted with 2D inversion. By disregarding all diagonal components of the impedance tensor, an assumption must be made that the data are purely 2D. However, if 2D profile data are inverted with 3D inversion codes, and for all impedance components, no potentially erroneous dimensionality assumptions are required. To evaluate the importance of acquiring and inverting 3D survey data, the WSINV3DMT algorithm was applied to a 2D station profile of Model A. This profile was not positioned above the centre of the target anomaly, but towards its southern edge (Figure 5c ), where the data demonstrates higher skew values and 3D effects. 
CONCLUSIONS
Although 3D inversions are preferred, successful identification of the target anomaly was achieved using 2D inversion. Additionally, 3D inversions of a 2D profile gave similar results to inverting for a 3D grid. The target anomaly was resolved with high resolution away from the station profile. This recovery of nearby 3D resistivity structure is comparable with results of Siripunvaraporn et al. (2005b) . Although 3D surveying is relatively expensive and time-consuming, for many cases it may be possible to make successful interpretations utilising 3D inversions of 2D profile data alone. However, this work suggests that it is warranted to test the applicability of this approach with more complex synthetic model structures.
